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(57) ABSTRACT

A transducer comprising a fixed part and a mobile part which
are mounted for relative motion about a given axis. On the
shaft of the rotor part there 1s fitted a magnetized element
consisting, for example, of an annular element diametrically
magnetized at a single pair of poles. Mounted on the fixed
part 1s a pair of Hall-effect sensors which are set angularly
staggered by 90° about the axis of rotation of the shaft. The
Hall-eflect sensors generate corresponding output signals
having values that vary in a continuous range. The values of
the output signals generated by the transducer uniquely
identify the relative positions of the aforesaid fixed and
mobile parts with respect to the axis of rotation.
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POSITIONAL TRANSDUCER AND MOTOR
DRIVEN GEAR CHANGER FOR A BICYCLE

CROSS REFERENCE TO RELATED
APPLICATION(S)

This application 1s a continuation of U.S. patent applica-

tion Ser. No. 10/205,181, filed Jul. 24, 2002, now U.S. Pat.
No. 7,009,387 which 1s incorporated by reference as 11 fully

set forth.

FIELD OF INVENTION

The present ivention relates to transducers of angular
quantities for cycles. The solution according to the invention
has particular application to cycles, such as competition
bicycles, especially 1n view of its possible use 1 motor-
driven gear changes and/or for performing functions such as
detection of the movement of the chain, determination of the
direction of said movement, angular position (“phase”) or
speed (pedal cadence) of the bottom bracket of the bicycle,
etc.

BACKGROUND

Application of the invention on board a cycle imposes on
a transducer somewhat critical constructional and opera-
tional requirements. The transducer should present intrinsic
qualities of sturdiness, simplification 1n the connections,
high precision, and constant performance. These features
have been diflicult to achieve with traditional solutions.

For example, the use of transducers of a potentiometric
kind 1s linked to intrinsic critical factors. These transducers
generally comprise at least two parts that are 1 mutual
sliding contact (these are, 1n the majority of cases, a mobile
pin or brush that slides on a resistive race). In order to
co-operate properly, these parts must be connected 1n a very
precise way and must not be aflected—which 1n practice 1s
almost unavoidable—by stresses due to vibration and/or
linked to the change in the direction of rotation, or be
excessively sensitive to environmental factors, such as
variations in the characteristics of the components with
temperature or absorption of humidity. All of the aforesaid
factors argue against the use of potentiometric transducers.

Transducers of an optical type (namely, of the type
commonly referred to as optical “encoders™) overcome some
of the above-mentioned drawbacks with potentiometric
transducers. However, they are generally costly, can be
sensitive to stresses, and usually require quite a high number
of connections. In addition, optical sensors of the encoder
type are intrinsically digital sensors, the detecting action of
which 1s based upon the fact that the movement of rotation
being sensed leads to alternately light and dark bands or
segments passing in front of an optical sensor.

The purpose of the present imvention i1s to provide a
transducer of angular quantities for a cycle that 1s able to
overcome the intrinsic drawbacks of the solutions according
to the prior art.

In brief, the solution according to the invention i1s based
upon the preferential use of a combination of Hall-effect
sensors, preferably with analog-type outputs, 1.e., such as to
generate continuous transduction signals rather than a dis-
crete digital signals, the output signals of which can assume

only distinct values (namely, “0” and *“17).

Preferably, the invention envisages the use of a pair of
mechanical Hall-effect sensors staggered with respect to one
another by 90 mechanical degrees, with the magnetic parts
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not 1 contact. In this way 1t 1s possible to generate two
clectrical signals that are 90° out-of-phase with respect to
one another 1n patterns, which vary according to a repetitive/
periodic function, having preferably sinusoidal patterns or
linear patterns.

The use of Hall-effect semiconductor sensors able to
supply at output a voltage proportional to the induction 1s
known. In particular, 1t 1s known that this type of sensor can
supply at output both analog signals of a linear type and
digital signals with single or double polanty.

By combining together diflerent sensors and/or different
polar magnetization pitches 1t 1s possible to combine
together different sensor functions, including the functions
ol detection of speed of rotation, direction of rotation, and
positioning.

Indeed 1t 1s precisely the above characteristics, combined
to wide ranges ol operation (also as regards temperature
variations) and the considerable reliability that have con-
tributed to the success of the above sensors in the automobile
sector and 1n the sector of household appliances, above all
for 30 controlling motors.

For example, from U.S. Pat. No. 5,332,965, a sensor 1s
known which 1s designed to detect the angular position of an
clement such as a buttertly valve and which comprises a
Hall-effect sensor, as well as a plurality of flux concentra-
tors. .

e

The flux-concentrator configuration 1s designed to
perform an action of linearization of the output character-
istics of the Hall-eflect sensor. The sensor i1s calibrated by
varying the distance between the flux concentrator and the
magnet. In one embodiment, the flux transducer performs a
temperature compensation of the sensor, which i1s hermeti-
cally sealed so as not to be affected by phenomena of wear
and/or vibration.

From European Patent No. EP 0 733 881, another angular-
position sensor without contact 1s known which comprises a
Hall-eflect sensor set 1n a central position with respect to an
annular magnet.

Again, from U.S. Pat. No. 6,104,187, a contactless mag-
netoresistive angular sensor 1s known which comprises two
anisotropic magnetoresistance (AMR) elements rotated
through 45° with respect to one another and comprised in
respective resistive bridges. The sensor in question 1s
designed to be used 1n a position detector associated to
butterfly valves or to elements such as pedals, with particular
care taken to ensure that the zero position of the sensor 1s
temperature-stable.

SUMMARY

A transducer of angular quantities for a cycle, comprising
first and second parts which detect relative movement of
rotation about a given axis. A magnetized element 1s inte-
grally fixed to one of the first and second parts. At least one
pair of Hall-effect sensors 1s set angularly staggered with
respect to one another about the axis and integrally fixed to
the other of the first and second parts. The Hall-eflect
sensors are sensitive to the presence of the magnetized
clement to generate respective output signals with values
varying in a continuous range. The values of the respective
output signals uniquely identily the relative position of the
first and second parts with respect to the axis.

BRIEF DESCRIPTION OF THE DRAWING(S)

The 1nvention will now be described purely by way of
non-limiting example with reference to the attached draw-
ings in which:
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FIG. 1 1s an axial sectional view of a transducer according,
to the invention;

FIG. 2 15 a sectional view taken according to the line II-11
of FIG. 1;

FIGS. 3 and 4 illustrate possible plots 1n time of the
signals generated by a transducer according to the invention;
and

FIG. § illustrates, in the form of a block diagram, a
possible connection configuration of a transducer according,
to the invention and of the corresponding signal-processing,
circuits.

FIG. 6 illustrates a mounting for a transducer of the
present invention 1n a bicycle frame.

FIG. 7 illustrates the transducer of the present mnvention
in use with a motorized derailleur.

(L]

DETAILED DESCRIPTION OF TH.
PREFERRED EMBODIMENT(S)

The term “angular quantities™ 1s used herein to indicate in
general physical quantities that are in some way linked or
correlated to a rotational movement, such as angular posi-
tion, angular velocity, angular acceleration, angular
moment, speed, torque, efc.

In FIG. 1 the reference number 1 designates, as a whole,
a transducer of angular quantities for a cycle which 1is
basically made up of a fixed part, or stator, designated by 2,
and a mobile part, or rotor, designated by 3.

In the bicycle embodiment herein illustrated (which 1s an
example with particular reference to the possible application
of the transducer 1 on board a cycle), the fixed, or stator, part
2 of the transducer 1 has an overall cylindrical/tubular shape
and 1s made 1 such a way as to possess intrinsic charac-
teristics of mechanical strength and resistance to 1mpact,
vibrations, as well as to external agents (temperature, water,
o1l and fuel, dust of various kinds, etc.) to which a compo-
nent of this sort mounted on board a cycle 1s 1n general likely
to be exposed.

In brief, 1t may be noted that the aforesaid stator part 2
usually comprises an outer shell 20, for example made of
metal material, mserted i which are one or more shaped
bodies 21, 22, 23 having overall tubular structures (for
example with cup-shaped or nesting configurations) which
enable said bodies to be fitted into one another 1n view of
their subsequent 1nsertion 1nside the shell 20.

The overall annular or tubular structure of the bodies 21,
22 and 23 1s aimed at facilitating insertion of the rotor part
3, which 1s essentially configured as a shaft 30 which can
rotate about 1ts own axis X30. In the specific embodiment
here 1llustrated, the axis X30 1s also the main axis of the shell
20.

The transducer 1 1s designed to output signals indicating
angular quantities that are characteristic of the possible
movement of the shaft 30 with respect to the shell 20, and
hence of the possible relative movement of parts and/or
clements connected to the shaft 30 and to the shell 20.

The shaft 30 may be either a “passive” shatt, 1.e., designed
to be driven by a member (not illustrated) the characteristics
of rotation of which with respect to the shell 20 are to be
detected, or an “active” shatt, which, by means of a mecha-
nism 31, actuates a mobile member 130 (FIG. 7), the above
being the result of an action of driving in rotation of the shaft
30 exerted by a motor 61.

The transducer may possibly be integrated in a motor/
actuator, such as the motor/actuator 27 (FIG. 7) of a motor-
driven gear change 100 mounted on a cycle 4, such a
competition bicycle.

10

15

20

25

30

35

40

45

50

55

60

65

4

The reference number 32 designates two bearings which
support and guide the shaft 30 in a precise and regular
movement of rotation of the shait 30 with respect to the shell
20 (1.e., about the axis X30).

The reference number 33 designates various seal ele-
ments, also of a known type, associated to the bearings 32
and/or to the end part of the shell 20.

Finally, the reference number 34 designates two Belleville
washers designed to apply, to the ensemble of parts just
described, a slight axial elastic pre load (i.e., 1n the direction
of the axis X30) in order to prevent undesired vibrational
phenomena and/or play.

An mmportant characteristic of the solution according to
the invention lies 1n the fact that mounted, for example 1n a
recess 35 made 1n the part of the stator designated by 22, 1s
a set of Hall-eflect sensors 1n turn comprising a fixed, or
stator, part connected to the stator 2 and a mobile, or rotor,
part connected to the rotor 3.

In particular, the fixed, or stator, part of the set of sensors
comprises two Hall-eflect sensors 41, 42 mounted angularly

staggered with respect to one another by 90° (see FIG. 2)
about the axis X30.

The reference number 43 designates a set of supply/signal
lines coming under the sensors 41 and 42. The latter are
preferably mounted on a supporting base 44 having an
annular shape. The base 44 surrounds the shaft 30, even
though it 1s of course mounted in a fixed position with
respect to the stator part 2 of the transducer 1.

The mobile, or rotor, part of the transducer instead con-
sists of a ring of magnetized material (also 1 this case
according to known criteria) fitted on the shaft 30. Fitting
may be, for example, with interposition of a tubular sleeve
or bushing 37, which moves 1n rotation with the shaft 30
about the axis X30.

As shown 1n FIG. 6, rotor 23 and stator 20 may be housed
within the bottom bracket 60 of a bicycle frame 62.

The overall result that may be obtained is the presence, on
the signal cables—designated by 431 and 432 in the diagram
of FIG. 5—of the sensors 41 and 42, of two signals having
a sinusoidal pattern of the type designated by S1 and S2 1n
FIGS. 3 and 4 (which will be examined 1n greater detail 1n
what follows).

An 1mportant characteristic of the sensors 41, 42 and/or of
the ring 36 (1n particular as regards the characteristics of
magnetization of the latter) lies 1n the fact that the signals S1
and S2 are periodic signals (usually with an “electrical”
periodicity, corresponding to a rotation of the shait 30
through 360 degrees) such as to be configured as linear or
analog signals, 1.e., signals the values of which vary over
time within a range of possible values that vary i a
continuous range, and not 1n a discrete range as in the case
of digital signals.

Even though the currently preferred embodiment envis-
ages the use of signals S1, S2 having a sinusoidal wavetorm,
the solution according to the invention can be implemented
also using signals of a different type, such as triangular
signals, saw-tooth signals, etc.

The solution according to the invention 1s suited for being
implemented to particular advantage using linear, ratiomet-
ric (1.e., with the signal qualitatively unvarying as the
voltage varies), temperature-compensated Hall-eflect sen-
sors 41, 42. The sensors 41, 42 may consist, for instance, of
the components sold under the trade name Hall-Effect
Linear Sensors, manufactured by the company Allegro
Microsystems, Worcester, Mass. (USA) Sensors of the

above type are able to generate output wavetforms of the
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types represented 1 FIGS. 3 and 4, when a diametrically
magnetized ring 36 with a single pair of poles 1s used.

In view of the fact that the waveforms of the signals S1,
S2 are practically invariant as the speed of rotation varies,
the ensemble thus configured makes 1t possible to obtain,
with a good degree of precision, the indication of the relative
angular positions of the shell 20 and of the shaft 30 (and
hence of the stator part 2 and of the rotor part 3 of the
transducer 1), at the same time without having to resort to
sensor elements which, as 1n the case of potentiometric
sensors, necessarily mvolve a contact, 1n particular a sliding
contact, between the mobile part and the fixed part.

Both the output signals S1 and S2 are of an analog type.
By means of an analog-to-digital conversion it 1s therefore
possible to derive from the said signals numeric values
corresponding to the signals measured. The degree of reso-
lution depends uniquely upon the degree of resolution of the
conversion and, consequently, can even be quite high with-
out this resulting 1n a particularly complex transducer struc-
ture.

The availability of the two signals S1 and S2 generated by
the two sensors 41 and 42 staggered by 90° about the axis
of rotation X30 also enables resolution with absolute cer-
tainty of any ambiguities linked to:

1) the fact that the signal of each of the sensors 41 and 42
assumes the same value twice m the course of a rotation
through 360°, 1.e., during one revolution; and

11) the direction of rotation.

Note 1n FIG. 3 the two 1dentical values assumed by the
signal S1 for different values of rotation, such as, for
instance, 45° and 135°. The ambiguity regarding the position
may be solved 1t it 1s noted that, at the aforesaid values of
angular position, whilst the signal S1 assumes the same
value, the signal S2 assumes values of opposite sign. Con-
sequently, given the same value assumed by S1, the position
detected corresponds, for example, to 45° 11 the value of 52
1s negative and to 135° 1f the value of S2 is positive.

The above example, given for the sake simplicity with
reference to the angular values of 45° and 135°, can obvi-
ously be applied to the four quadrants, 1.e., to any angular
position of rotation whatsoever of the shaft 30 about the axis

X30.

A comparison between FIG. 3 and FIG. 4 makes it
possible to understand that the availability of the two signals
S1 and S2 produced by the two sensors 41 and 42 moreover
enables any ambiguity linked to the direction of rotation to
be resolved.

Suppose that when the shatt 30 turns in one direction, the
plots of the signals S1 and S2 are the ones represented in
FIG. 3. If the direction of rotation 1s reversed, the plots of the
signals S1 and S2 become the ones represented in FIG. 4.

With reference to the cross-sectional view 20 of FIG. 2:

1f the shatt 30 turns 1n the counter-clockwise direction, the
signal S1 of the sensor 41 “precedes” by 90° the signal S2
generated by the sensor 42 (see FIG. 2); and

if the shaft 30 turns 1n the clockwise direction, 1t 1s 1nstead
the signal S2 generated by the sensor 42 that “precedes” the
signal 51 generated by the sensor 41 (see FIG. 3).

The operation of discrimination of the direction of move-
ment can therefore be carried out, for mstance, by detecting
the sign of the derivative of the signal S1 during the time
intervals indicated by A in which the signal S2 assumes a
positive value.

Whilst 1n the case of FIG. 3, the signal S1 has a negative
derivative during the time intervals A, 1n the case of FIG. 4
the said derivative 1s positive.
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The choice of either one of the signals S1 or S2 for
performing said verification operations 1s 1n any case alto-
gether indifferent. For example, 1t 1s possible to achieve the
same result by detecting the sign of the denivative of the
signal S2 during the time 1ntervals in which the signal S1 has
a positive value.

Also performing the aforesaid verification of the direction
of movement in the time 1ntervals 1n which one of the signals
has a positive value 1s purely and simply a matter of choice.
The same result could in fact be achieved by carrying out the
verification 1n the time intervals 1n which the signal consid-
ered has a negative value.

Again, the same verification can be made without resort-
ing to the detection of the sign of the derivatives of the
signals. It may be readily appreciated (the corresponding
verification operation may be carried out by means of any
type of module that performs, also at a soiftware level, the
function of a flip-flop) that, 1n the direction of rotation to
which FIG. 3 refers, the half-periods 1n which the signal S1
1s positive precede by 90° the half-periods in which the
signal S2 1s likewise positive. Instead, in the opposite
direction of rotation, represented in FIG. 4, 1t 1s the positive
half-periods of the signal S2 that precede the positive
half-periods of the signal 51 by 90°. Similar functions of

detection can evidently be implemented using the negative
half-periods of the signals S1 and S2.

The diagrams of FIGS. 3 and 4 also show that the
transducer 1 1s able to perform 1ts function also on a number
of revolutions, a feature which may be important, for
example, for controlling the position value reached by an
actuator designed to perform 1ts action on a number of
revolutions. A typical example of the above application 1s
that of electric motors for actuating motor-driven gear
changes 1 or bicycles.

The types of components used for constructing the sensor
according to the mvention enables a position transducer to
be provided that i1s able to overcome the difliculties that
unavoidably beset alternative solutions of a potentiometric
or optical type.

The transducer according to the invention 1s of relatively
simple construction and 1s robust from the standpoint of 1ts
application in a demanding environment characterized by
the presence of dirt, vibrations, etc., as 1n cycling.

The diagram of FIG. § 1s a schematic illustration of the
modalities of processing of the signals S1 and S2 generated
by the transducer 1. The corresponding processing opera-
tions can be carried out 1n a unit 50 integrated at a localized
level (for example, using an integrated-microcontroller
unit), or else located 1n a remote position, as 1n the case in
which the aforesaid processing operations are performed in
a centralized way by a control unit that also performs other
processing functions inherent 1n the “cycle system”.

Processing of the signals may mvolve processes of seli-
calibration, linearization, phase relation, etc. The foregoing
processes are performed according to known criteria once
the signals S1 and S2 present on the signal lines 431 and 432
have undergone analog-to-digital conversion in a corre-
sponding converter 31 associated to the unit 50.

Once the signals S1 and S2 have been converted into
digital form in the unit 51, they can undergo processing
within a module 52 consisting, for example, of a microcon-
troller or a microprocessor (ol a known type).

As an alternative to a direct use of the signals S1, S2
converted into digital form for processing purposes, the
same signals can also be used for a search function 1n the
framework of a conversion table (for example a look-up
table) 53 associated to the unit 52.
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In this case, the signals S1, S2 are not used for further
processing operations in the direct form (i.e., as they emerge
from the analog-to-digital conversion operation), but are
instead used to search for a pair of corresponding values 1n
the table 53.

The said pair of corresponding values 1s 1dentified starting
form the pair of values of the signals S1 and S2 emerging
from the analog-to-digital conversion, according to a given
criterion (for example, a criterion of minimum vector dis-
tance) or even according to fuzzy-type logic. This choice
may be recommended, for example, for those applications in
which the signal coming from the transducer 1 1s to be used
as a driving and/or parametric signal during execution of
control operations and/or for implementation of algorithms
in which the aim 1s to avoid undesired phenomena of error
propagation.

A transducer according to the invention can be used, for
example, 1n combination with the bottom bracket of a
bicycle, with the mobile part dniven by the latter. The
information that can be obtained using the transducer may
then be, for example:

indication of movement of the chain;

direction of said movement:

pedal cadence; and/or

angular position with respect to a reference point, for
example, with respect to the so-called “pre-set shift
pomnts” or “fast-shift profiles” provided on the gear
wheel A, B (FIG. 7) dniven by said bottom bracket 60
to facilitate gear change.

What 1s claimed 1s:

1. The combination of a positional transducer and a motor
driven gear changer for a bicycle, the combination compris-
ng:

a motor driven gear changer associated with a portion of

a bicycle frame that positions the motor driven gear
changer 1n an operative association with a gear wheel
driven by a chain extending between the gear wheel
and a pedal assembly carried by a bottom bracket 1n a
portion of the bicycle frame;

a transducer operatively associated with the gear wheel
for determining the angular position of the gear wheel
with respect to pre-set shift points, the transducer
having a first fixed element and a first mobile element
which are mounted for relative movement with respect
to each other about a predetermined common axis;

10

15

20

25

30

35

40

8

a magnetized element fixed to a selected first element;

at least one pair of Hall-eflect sensors fixed angularly with
respect to one another about the common axis and fixed
to the other non-selected first element within the field
of the magnetized element; and

at least one pair of conductors, each connected to a
respective Hall-effect sensor, for outputting signals
generated by relative movement of the first fixed ele-
ment and the first mobile element about the common
axis;

whereby the transducer 1s resistant to environmental
attacks and prevents errors in the motor driven gear
changer by providing indications of chain movement,
direction of chain movement and pedal cadence.

[

2. The actuator of claim 1, wherein said Hall-eflect
sensors are angularly staggered by 90° with respect to one
another about said given axis.

3. The actuator of claim 1, wherein said magnetized
clement has an annular shape.

4. The actuator of claim 1, wherein said magnetized
clement 1s magnetized at a single pair of poles in the
diametric direction with respect to said given axis.

5. The actuator of claim 4, wherein said magnetized
clement 1s fitted around one of said first part and said second
part.

6. The actuator of claim 1, wherein the transducer has
associated thereto an analog-to-digital conversion unit for
converting said output signals into corresponding digital
signals.

7. The actuator of claim 6, wherein said analog-to-digital
conversion unit 1s mtegrated in the transducer.

8. The actuator of claim 6, wherein the transducer has
associated thereto a processing unit for processing said
output signals converted into digital form.

9. The actuator of claim 8, wherein said processing unit
has associated thereto a conversion table for generating,
starting from said respective output signals converted nto
digital form, further digital signals usable for processing

purposes.
10. The actuator of claim 8, wherein said processing unit

1s 1ntegrated 1n said transducer.
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